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tutsan tmm'goimmit&^si&it. 
^f>4£^iu^sp«2ss^— fe> k omit V 'J 

jSfc« 3 ft * aSi^ffl fc^-T £ a 4R & C <!: 

te> howb h y ^A^wr&Rfb k y ^Af&sfc 

B3W&f£i*ft-C(,>S7.iU5fS->- 

£j£5}-<fc L/^g)5tt2S*^— b> KD&{b h 'J ^A?:^ 

^•J^W^ft-CC^a^MW^g^jS^l/. tfca^HS 
#^grt£i!ii-r&jB*$Hcgt{b h »J •> A^JlRVai® 

««l*©rtJafflK, 2MM;>"--tz> h©iMb H y ^ a4 
^#-r K< b k y ^ a t&*a*s^fiS s ft t t, »s r 5 }g 

H2> h©K{b h y $ Slsf^^L/r^ESo 

fcai^SC*f«t«;<*©ffiti(*^ f 3m-t6ftr*iO. WIS 

&ssmttftrt*aMt-£^x«*g^uc$Kb h y •> 

> KD^ib i- y ?A£^frrsK<b h y At&^@*5jf$ 
fig3ft-ct,>sr^5?i'>- h*sazof=tw?»ftr*it). MS 

tc. *>^X-r>£±J$#£6gi8B«2SS^--Hz:> h 
©1Mb h y -i»A^^Wr-2.«^*«Ei^0-C^Ufca^ 

&W#ttf*©ffiS[:fc#I(9 ttw 6ftr «5 > msEx-T * 

y - * - * iiit -r h QMBtxm ^^m'smmm 4M» 
Ts^mxtts^mKiMb n y -5 Ata^nscfa^Kt* 
e sew 3 ft s wmimzm-r z a mtmt-r z> 

C £ h * * rt88«lllS©8!!&ffijI£SEB. 
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Ig&GSiillS. 

<tL/^gP«2SfiA-Hj> h©^bh yf A^«tS 

ffififfi%&$J5ixfW& y >*«: «fc^.-css3ft/ct«3i-c 
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■fe> ho^bt- y^A=&^*-rsK<bh y?A©*@*i 

io j^fiS;3ftri,>.57ii'5s5^"- hAsaxoftweft-cc^c 

[IS^7] x7*y-^-<DF"3SBX«x7*y- 

■s^bh y ^A^®?&sjf$fiS3ftrc^7^5|gi'- h 

17? "J A>6*SS^i-CCD^aX(Jtl^M«r«a 
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^X«&*4. &Wi»45RiRL,*C>#®JRtt(D^fiS^fli-C 30 
flni)53fcLfc& ©-?*£<:£, RCM*Wt*^*»6lia 
#}£n£ait. flit. r*g»-e©x^;^-K:J:o-C. 
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^g«> *©MiS«:i9:w^nfc»Aife^SiJ*cj;^-r^ 

«g©s«=&a (fit -r •& *>©r* -s. 
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(57) Abstract 

A caosule (10) for encapsulating radioactive material for radiation treatment comprising two or more interfitting sleeves 
(1 1 12) wherein each sleeve comprises a closed bottom portion (13) having a circumferential wall (16) extemhng , therefrom ami 
an open ud I located opposite the bottom portion. Hie sleeves are constructed to fit over one another to thereby establish an effec 
tively sealed capsule container; 
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DEVICE AND METHOD FOR 
ENCAPSULATING RADIOACTIVE MATERIALS 

BACKGROUND 

The present invention relates to capsules for and a 
method for encapsulating radioactive materials used for medical 
treatments . 

Various methods for utilizing radioactive materials in 
radiation therapy are known. Of these, a well known method for 
administering the radioactive source is by the use of small 
radioactive "seeds". Such seeds comprise a radioactive source 
contained within a sealed capsule. The seeds are injected or 
implanted into the patient's body tissue at the site being 
treated . 

Because these seeds are implanted in the human body, 
the capsule for containing these materials must be securely 
sealed. Otherwise, undesired leakage from the capsule may 
occur. The U.S. Food and Drug Administration and the U.S. 
Nuclear Regulatory Commission have strict requirements for encap- 
sulation of the radioactive material to prevent leakage and 
resultant injury to patients and medical personnel handling such 
materials • 

In the past the most advantageous materials for encap- 
sulating radioactive materials included stainless steel, titanium 
and other low atomic number metals. However, there still exist 
problems of adequately sealing capsules made from these mater- 
ials. Such metallic capsules are typically sealed by welding. 
However, welding of such small capsules is difficult. Welding 
such small capsules may locally increase the capsule wall thick- 
ness , or introduce higher atomic number materials at the end or 
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ends of the capsule where the welds are located, and the presence 
of such localized anomalies may significantly alter the geometri- 
cal configuration at the welded end or ends, resulting in 
undesired shadow effects in the radiation pattern emanating from 
the source. Other methods of forming the capsules include drill- 
ing a capsule form in a metallic block and plugging to form a 
seal. However, this method suffers from the disadvantage that a 
capsule having uniform wall thickness is difficult to obtain, and 
the resulting source will not be able to uniformly distribute 
radiation . 

Lawrence U.S. Patent 3 f 351,049 discloses a metallic 
container for containing a radioactive isotope wherein the 
metallic container is closed and sealed by intermetallically 
joining the walls under pressure or by ultrasonic welding. Other 
techniques for welding the structure, depending on the material 
utilized, are also disclosed. Kubiatowicz U.S. Patent 4,323,055 
discloses similar methods for encapsulating radioactive material. 
Methods for sealing the titanium container of Kubiatowicz include 
laser, electron beam or tungsten inert gas welding. Kahn U.S. 
Patent 2,259,458 discloses a somewhat primitive form of encap- 
sulation of radioactive substances wherein the capsule is formed 
by screwing two threaded parts together. 

All of the foregoing methods of encapsulating radioac- 
tive materials have substantial shortcomings in providing a cap- 
sule which is easy to construct while providing adequate pro- 
tection against leakage, while permitting uniform radiation 
therethrough . 
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SUMMARY OF THE INVENTION 

Accordingly/ it is an object of the present invention 
to provide a new and useful method and capsule for encapsulating 
radioactive materials , which overcome the shortcomings of the 
prior art. 

It is an object of the present invention to provide 
such a capsule for encapsulating radioactive materials which 
permits uniform radiation therethrough* 

It is another object of this invention to provide a 
capsule for radiaoactive material which can be easily constructed 
while providing protection against undesirable leakage. 

It is yet a further object of the present invention to 
provide a method and capsule for encapsulating radioactive mater- 
ials which do not require welding in order to be adequately 
sealed. 

The foregoing objects and others are achieved by pro- 
viding a capsule for encapsulating radioactive material compris- 
ing two or more interfitting sleeves, each of said sleeves com- 
prising a closed bottom portion • having a circumferential wall 
portion extending therefrom and an open end opposite said bottom 
portion. The sleeves are constructed to fit snugly over one 
another to thereby provide an effectively sealed structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a better understanding of the structure, advantages 
and further features of the capsules for encapsulating radio- 
active materials of the present invention, reference is made to 
the accompanying drawings of various embodiments thereof, where- 
in: 
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Fig. 1 is a partially schematic cross-sectional view of 
one preferred embodiment of the inventive capsule for encapsulat- 
ing radioactive materials showing the relationship between the 
interfitting sleeves. 

Fig. 2 is a partially schematic cross -sectional view of 
another preferred embodiment of the capsule of the present inven- 
tion showing the relationships among the interfitting sleeves. 

Fig. 3 is a partially schematic cross-sectional view of 
still another preferred embodiment of the capsule for radioactive 
materials of the present invention. . 

DETAILED DESCRIPTION OF THE INVENTION 

One preferred embodiment of the advantageous capsule 
for radioactive material of the present invention is illustrated 
in Fig. 1 which shows a closed capsule 10 formed from two inter- 
fitting sleeves 11 and 12. Each sleeve comprises a bottom por- 
tion 13 having a circumferential or cylindrical wall 16 extending 

r 

therefrom, as illustrated in Figs. 1A and IB. When the sleeves 
are fitted together, one within the other, a substantially sealed 
capsule is obtained having an effectively sealed inner cavity for 
retaining radioactive material. The preferred shape of the 
sleeves is cylindrical. 

The sleeves and resulting capsule are constructed of a 
material which provides adequate strength for thin walls and 
which will readily allow radiation to pass uniformly through the 
material. The thin walls allow for an increased amount of mater- 
ial to be contained in the capsule. Also desired is a material 
which will not easily corrode when brought into contact with body 
fluids. Titanium and stainless steel are among the preferred 
materials for forming such capsules. Other suitable materials 
include platinum, gold, tantalum, nickel alloy, and copper or 
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aluminum alloys having less corrosive protective coatings. Other 
suitable materials may have those advantageous properties and the 
present invention should not be construed to be limited to those 
materials specifically mentioned above. 

The inner sleeve 11 shown in Fig. i is constructed to 

.* • 

have an outer wall diameter ^ which is substantially the same as 

mm 

the inner wall diameter of the outer sleeve 12 shown in Fig. 
IB. The outer diameter of the inner sleeve 11 can range from 
about 0.2 mm to about 20.0 mm. The inner diameter of the outer 
sleeve 12 is thus chosen to be substantially the same as the 
outer diameter of the inner sleeve 11. Therefore, for an inner 
sleeve having an outer diameter of 1.0 mm f for example, the inner 
diameter of the outer sleeve would be 1.0 mm. When the outer 
sleeve 12 is fitted over the inner sleeve 11 , a sealed cavity 15 
is formed. The cavity 15 is capable of holding effectively 
radioactive material without significant leakage, due to the 
tight seal formed between the two sleeves 11 and 12 when they are 
interfitted. The sleeves may be welded or an adhesive can be 
applied between the sleeves , if desired. 

In the embodiment shown in Fig. l f it is desirable to 
construct a capsule having uniform dimensions so that radiation 
can pass therethrough in a relatively uniform pattern. The total 
thickness of sidewall 16 is substantially the same as the thick- 
ness of each bottom portion 13. When the two sleeves 11 and 12 
are fitted together , a capsule is thus provided having walls of 
uniform total thickness. The thickness of the bottom portion 13 
can vary with that of the wall portions 16, and further, the 
bottom portions of each sleeve can be varied so that any desired 
relationship between the total thickness of the walls and the 
bottom portions of the resulting capsule may be provided. The 
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thickness of the bottom portions can range from about 0.05 mm to 
about 3.0 mm, while the thickness of the wall portions can range 
from about 0.03 mm to about 2.0 mm. 

The walls 16 of the sleeves are constructed so that the 
walls of the outer sleeve 12 are slightly longer than the walls 
of the inner sleeve 11 by approximately the thickness of the 
bottom portion 13 of the inner sleeve 11. For example, when the 
bottom portions of the sleeves have a thickness of 0.05 mm r the 
walls of the outer sleeve 12 will have a length which is 0.05 mm 
longer than the walls of the inner sleeve 11. This construction 
provides an ultimate capsule having uniform thickness when the 
sleeves 11 and 12 are interfitted. 

It will be appreciated that end portions 13 of the wall 
portions of each separate sleeve may be tapered toward the inner 
diameter of the sleeve so that insertion of the inner sleeve 11 
into the outer sleeve 12 can be facilitated. 

The final outer dimensions of the capsules of the 
present invention have outer diameters which range from about 
0.25 mm to about 25.0 mm and lengths which range from about 1.1 
mm to about 25.0 mm. The sealed capsule includes a source of 
radiation f and may also contain a radiopaque marker material for 
viewing the location and orientation of the sealed capsule or 
seed in situ in a treatment site in a patient's body. Thus, 
capsules can be constructed of varying sizes, including minute 
capsules which, because of their thin walls, can contain an 
effective amount of a radioactive source. The complete internal 
structure of such seeds is described in applicant's copending 
application Serial No. Olfz ZT, 3CZ } f i led July 28 , 1988 (Reference 
No. RWP 24903), the entire disclosure of which is hereby 
incorporated by reference. 
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Fig, 2 shows another preferred embodiment of the cap- 
sule for radioactive materials of the present invention. In this 
embodiment , the capsule is constructed of three interfitting 
sleeves. As described with reference to the first embodiment, 
the sleeves are constructed so that the outer diameter of an 
inner sleeve is substantially the same as the inner diameter of a 
corresponding outer sleeve. Therefore, in the embodiment shown 
in Fig. 2, a capsule 20 comprising three interfitting sleeves 21 , 
22 and 23 is provided wherein the outer diameter of an inner 
sleeve is substantially the same as the inner diameter of the 
corresponding outer sleeve. The sleeves are interfitted so that 
the open end of each inner sleeve is covered by the bottom por- 
tion of the next corresponding outer sleeve. 

As discussed in the description of the first preferred 
embodiment, the dimensions of each sleeve are chosen so that a 
sealed interfitting relationship between the sleeves is 
obtained. An outer diameter of the innermost sleeve 21 can range 
from about 0.2 mm to about 20.0 mm. An inner diameter of the 
next interfitting sleeve 22 is chosen to be substantially the 
same as the outer diameter of the innermost sleeve 21. Likewise, 
the inner diameter of the outermost sleeve 23 is chosen so as to 
be substantially the same as the outer diameter of the sleeve 

22. It will be appreciated that the diameters of each sleeve are 
dependent upon the thickness of the walls of each sleeve, which 
thickness can vary. 

The thickness of the bottom portions 13 are preferably 
the same as the total thickness of the sleeve walls. However, 
the thickness of the bottom portion 13 of the sleeve 22 may be 
made thicker than the bottom portions 13 of the sleeves 21 and 

23. Therefore, the thicknesses of the bottom portions and walls 
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can be made such that: a uniform overall thickness of encapsula- 
tion is provided around the inner cavity of the capsule when all 
the sleeves are interfitted. 

The lengths of the walls of each succeeding sleeve 
increase to compensate for the thickness of the bottom portion of 
each sleeve. The lengths of the walls of the innermost sleeve 21 
will be the least for the sleeves 21 r 22 and 23. The length of 
the walls of the innermost sleeve 21 can be as short as about 
1.0 mnw The length of the walls of the sleeve 22 will be 
increased to compensate for the thickness of the bottom portion 
13 of sleeve 21. Likewise,, the length of the walls of the outer- 
most sleeve 23 will increase depending on the total thicknesses 
of the bottom portions 13 of sleeves 21 and 22. 

As in the first preferred embodiment , a capsule accord- 
ing to the second embodiment can be constructed having final 
outer dimensions of about 1.1 mm to about 25.0 mm in length and 
about 0.25 mm to about 25.0 mm in diameter. 

It should be appreciated that the materials of each 
sleeve do not have to be the same. Sleeves of different mater- 
ials can be interfitted to provide a tightly sealed capsule. 

Another embodiment of the capsule of the present inven- 
tion is illustrated in Fig, 3. In this embodiment,, a capsule 30 
is provided having four interfitting sleeves 31, 32 , 33 and 34. 
The innermost sleeve 31 of this embodiment comprises a bottom 
portion 13 having a wall portion extending therefrom. An open 
end is provided opposite to that of the bottom portion. The next 
sleeve 32 has the same construction as the innermost sleeve 31 
except that the innermost diameter of the sleeve 32 is 
substantially the same as the outer diameter of the sleeve 31. 
Furthermore, the length of the wall of the sleeve 32 is longer 
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than the length of the wall of the inner sleeve 31 by about the 
thickness of the bottom portion 13. Likewise, the sleeve 33 of 
the capsule of this embodiment has an inner diameter which is 
substantially the same as the outer diameter of the sleeve 32. 
Furthermore, the length of the wall of the sleeve 33 is longer 
than the length of the wall of the sleeve 32 by approximately the 
thickness of the bottom portion 13 of the sleeve 32. The 
outermost sleeve 34 has an inner diameter which is substantially 
the same as the outer diameter of the sleeve 33. The length of 
the wall of the outermost sleeve 34 is longer than the wall of 
the sleeve 33 by about the thickness of the bottom porrion 13 of 
the sleeve 33. The capsule is constructed by fitting each of the 
corresponding sleeves in a manner wherein the open end of one 
sleeve is oriented at the closed end of a corresponding sleeve. 
When interfitted, the sleeves provide a capsule having an inner 
cavity which is surrounded uniformly by the walls created by this 
interfitting relationship. 

Each sleeve in this embodiment may comprise a material 
different than that of another sleeve. It may be desired to 
construct a capsule wherein the sleeves 31 and 32 are of one 
material to contain the radioactive substance while the sleeves 
33 and 34 are of a material which is highly resistant to corro- 
sion or deterioration by body fluids. Other combinations of 
materials can be envisioned depending upon the particular use of 
the capsule and the material to be contained therein. 

While the foregoing descriptions of the advantageous 
capsule for radioactive material have described various embodi- 
ments thereof with various materials, thicknesses, sizes and 
orientations, it will be appreciated by those skilled in the art 
that various modifications can be made in such capsules without 
departing from the scope or spirit of the invention as stated in 
the following claims. 
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WHAT IS CLAIMED IS : 

1. A capsule for encapsulating radioactive materials , 
comprising: 

at least first and second sleeves, each of said 
sleeves comprising a bottom portion having a circumferential wall 
extending therefrom, and having an open end opposite said bottom 
portion ? 

wherein said first sleeve has an outer diameter 
which is substantially the same as the inner diameter of said 
second sleeve, said second sleeve fitting over said first sleeve, 
thereby forming a closed capsule having an inner cavity, 

2. The capsule of claim 1, wherein said sleeves are 
cylindrical . 

3. The capsule of claim 1 wherein said sleeves com- 
prise a material selected from the group consisting of titanium, 
stainless steel, platinum, gold, tantalum, and copper or aluminum 
alloys, said copper and aluminum alloys having a protective 
coating • 

4. The capsule of claim 1 wherein said sleeves com- 
prise a material selected from the group consisting of titanum 
and stainless steel* 

5. The capsule of claim 1 wherein the wall of said 
inner sleeve extends substantially to the bottom portion of said 
second sleeve. 

6. The capsule of claim 1, further comprising a third 
sleeve comprising a bottom portion having a circumf erential wall 
extending therefrom, and having an open end opposite to said 
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bottom portion of said third sleeve wherein said third sleeve has 
an inner diameter which is substantially the same as the outer 
diameter of said second sleeve, said third sleeve fitting over 
said second sleeve. 

7 • The capsule of claim 6 , further comprising a fourth 
sleeve comprising a bottom portion having a circumferential wall 
extending therefrom, and having an open end opposite said bottom 
portion of said fourth sleeve, wherein said fourth sleeve has an 
inner diameter which is substantially the same as the outer 
diameter of said third sleeve, said fourth sleeve fitting over 
said third sleeve. 

8. The capsule of claim 7, wherein the length of the 
wall of said second sleeve is longer than the length of the wall 
of said first sleeve by a distance which is about the same as the 
thickness of the bottom portion of said first sleeve, 

9 . The capsule of claim 7 , wherein the length of the 
wall of said third sleeve is longer than the length of the wall 
of said second sleeve by a distance which is about the same as 
the thickness of the bottom portion of said second sleeve. 

10. The capsule of claim 7, wherein the length of the 
wall of said fourth sleeve is longer than the length of the wail 
of said third sleeve by a distance which is about the same as the 
thickness of the bottom portion of said third sleeve. 

11. The capsule of claim 1, wherein the thickness of 
the bottom portion of each sleeve is in the range of about 1 to 2 
times the thickness of the wall portions of each sleeve. 

12. The capsule of claim 1, wherein the lengths of said 
sleeves ranges from about 1.0 mm to about 25.0 mm. 
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13. The capsule of claim 6, wherein the lengths of said 
sleeves ranges from about 1.0 mm to about 25.0 mm. 

14. The capsule of claim 7, wherein the lengths of said 
sleeves range from about 1.0 mm to about 25.0 mm. 

15. The capsule of claim 1, wherein the thickness of 
circumferential walls of said sleeves ranges from about 0.2 mm to 
about 2.0 mm. 

16. The capsule of claim 1, wherein the thickness of 
the bottom portions of said sleeves ranges from about 0.2 mm to 
about 3 . 0 mm • 

17. The capsule of claim 1, wherein the diameters of 
said sleeves range from about 0.25 mm to about 25.0 mm. 

18. The capsule of claim 6, wherein the diameters of 
said sleeves range from about 0.25 mm to about 25.0 mm. 

19. The capsule of claim 7, wherein ti>e diameters of 
said sleeves range from about 0.25 mm to about 25.0 mm. 
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[0 04 1 ] H3». j^^KSPib-r^cWffl^ff^ 
©-^^4>©-C*-5. -r «S**5ScaaJ3 4« 
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[0 04 6] HJ6FH2 

mssor * y frmmmffifvs 5 0 msb 4 , mam 3 # 

2, 5 0 0^^>h^^>h/»CD#±J£55 0SfigP 

^V'J-Xt^ttS, Ef/W»J->l 9R) <c*« 
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[0 0 5 2] HSifl)6 

SOWN 5 T % S6te3SDWL,^:/tefcH— ©tt 

W2, OOOcm 2 ^ n>^7 V- h ^^-^-m 

»>l4*3C«fetH. ^^SiSSlO. 6h 
40 » <Oxry* htt«BB»CcS6»S*fciC5, 
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mb. gs&©*:«>-is^ge& (o, ) 

-IlT-^B. MtMX (CnHm) 3&®mtMtL 

* y -^f*3©£»(c a ftKtc J: &ftttfRfflW*ff Hi 
tc<fc9. — K£fB«tt-*iHH5c**W, ffittK^ (ac 
tive oxygen )£££.„ C©r£&&35«. SkKtott© 

rt^MOi^^m^CD^Sab^ (motion theory of 
the molecules) ©flL&fe&^&'Ttltf. SvflrtCfcfT* 
ffi(3*gl(ai&. /SIS, t*) BS*ffcJ:-,-C. ^ftoffi 
St. NMSW. *S1&c*fLTl»S*iM.-&. $m- r& 
it. m*<Dfr?- ' ML*K.#LXmmr?m (ionization r 
eaction). Jsb^ffffi (excitation reaction)^-^^.^. 
CftfeOflUBi*. »$HHt£«9 (ftfbfc* (hydrocarbo 
n) : CnHi?) (Cfc(,>Ttt, -en-?n©^CC*tL 
"f , S?tSJ5lf> (chemical cross-1 inking reaction). 
$?5ttt> (chemical dissociation reaction) ^rfiiiSL-. 
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iX&_SI±^«ffiMb«j*asjjD-r **{c«t -3 -o< •» t- y 
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m*©?sttS'jtciE;fflL > GfammiDmtiamwpiicmm 
V)V7^-hm^rji^-r< . cti*E*<-K«SKm© 

«Hf-«E©«Sf*l6*-r S -5 i>x 3 >tt©rSS<b^ 

£ . £.^/n- y - ©gg^^»*^ o s e> c ti^ww^ 
i^co. -?-©K#*i£>s-c*-pfc„ ^c-r-^«, c© 
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± (JgSB<D0Ki) 

2 5m/m6lhit3 5kg H8?igi£8. 5 1 1/ 

3 3TG4 48Ah 

4 8 Ah 200+3m/m 1 3 5 ± 3 m/mgS 1 

4 0 m/m 

W4 2m/mELb 3m/mHi 1110kg « 

mm it 



20 



30 



40 



[13 1 ] <OXTv *A9rSt£S>Jte3 0 g I TG4TO5 

yx^^ju^flixi/fefcoitstA-ri. 

[015] Sc^ir*q< . rS14»J«fiM^S<D»fflft^ 
(A) « 6 8 B It fc*l/7 * - i/ a >tt*J«CC». & 
SCftlS (B) , ^C^ftKD (C) <DJS<L&oTC>& 0 

tB^fc (B) (cSW*p<it«WJ:C^IS**^l/T % fit* 

<zxrc 9 7»y- (c) <oim<^-^y ^-^3>4^(;6* 



[SI ] 
[02] 



[03] 
[04] 
[0 5] 
[06] 
[07] 
[08] 
[09] 
[01 0] 
[011] 
[012] 
[013] 
AIES0 
[014] 
15] 



rsttjpj* Ante* f-^©A- b mmmm 

SffiQtfcAdBIBnia 

«Sf4mffecDfi£AfflJ®0 
Pl^mfi?SCDffl!J®0 



(7) f$P32 001-2 16999 



[01] [02] [03] [04] [05] [06] 




(8) 



^200 1-2 1 6999 



[014] 



[015 3 




1 T» 




TtffeA. 



